Ectocarpus is a genus of common marine brown algae. In 1995 a strain of Ectocarpus was isolated from Hopkins River Falls, Victoria, Australia, constituting one of few available freshwater or nearly freshwater brown algae, and the only one belonging to Ectocarpus. It has since been used as a model to study acclimation and adaptation to low salinities and the role of its microbiota in these processes. However, little is known about the distribution of this strain or whether it represents a stable population. Furthermore, its microbiota may have been impacted by the long period of cultivation.
Twenty-two years after the original finding we searched for Ectocarpus in the Hopkins River and surrounding areas. We found individuals with ITS and cox1 sequences identical to the original isolate at three sites upstream of Hopkins River Falls, but none at the original isolation site. The osmolarity of the water at these sites ranged from 74-170 mOsmol, and it was rich in sulfate. The diversity of bacteria associated with the algae in situ was approximately one order of magnitude higher than in previous studies of the original laboratory culture, and 95 alga-associated bacterial strains were isolated from E. subulatus filaments on site. In particular, Planctomycetes were abundant in situ but rare in the laboratory-cultured strain.
Our results confirm that E. subulatus has stably colonized the Hopkins River, and the newly isolated algal and bacterial strains offer new possibilities to study the adaptation of Ectocarpus to low salinity and its interactions with its microbiome. Brown algae (Phaeophyceae) form the dominant vegetation in the tidal and sub-tidal zone of rocky shores in temperate marine environments, but they are rarely found in fresh water (Dittami et al. 2017) : while there are ca. 2,000 known species of marine brown algae, covering a large range of morphologies from small filamentous algae to large and morphologically complex kelp species, there is only a handful of known freshwater brown algae, all of them small and with simple morphology (crust-forming or filamentous). Among these freshwater brown algae the genus Ectocarpus has a unique position, because it corresponds to a predominantly marine genus, which, on two occasions, has been recorded also in rivers: One occurrence of Ectocarpus crouaniorum in a highly salt-contaminated section of the Werra river in Germany (Geissler 1983) , and one occurrence of Ectocarpus subulatus (Peters et al. 2015) Furthermore, the culture has undergone > 20 years of cultivation in different laboratories, potentially having a strong impact on its associated microbiota.
In this study, we address both of these knowledge gaps by returning to the Hopkins River and searching for extant populations of this alga for the first time since its discovery 20 years ago. We found E. subulatus individuals at three locations along the Hopkins River, affirming the existence of a stable population at this site and isolating several novel alga-associated bacterial strains from these samples. Algal isolates were identified using the mitochondrial cox1 and the nuclear ITS1+2 markers.
Algal DNA was extracted from the cleaned cultures using the Macherey Nagel (Düren, Germany)
NucleoSpin Plant II kit according to the manufacturer's instructions (PL1 protocol with two 25 µL elutions), and 1µL of DNA (10-30 ng) was used in subsequent PCRs. For the ITS region, we used the AFP4LF (3'-CAATTATTGATCTTGAACGAGG-5') and LSU38R (5 subulatus at Hopkins River Falls (site 7, Figure 1 ). Ectocarpus was, however, the dominant vegetation at two sites (Framlingham Forest reserve and Kent's Ford, sites 8 and 9, Figure 1 ), which were approximately 12km (7mi) and 37 km (23 mi) upstream of Hopkins River Falls. The third finding of Ectocarpus was registered 83 km (51 mi) upstream (site 10), although only a few filaments were found at this site. The cox1 and ITS sequences obtained from Ectocarpus cultures from all three sites were identical to those of the strain isolated from Hopkins River Falls in 1995 ( Figure 2 ). We found no E. subulatus individuals in neighboring rivers, along the coastline, or in germling emergence experiments, but we recorded a few emerging germlings of other Ectocarpales for marine samples (Table 1) .
The osmolarity of the Hopkins River, i.e. the total concentration of dissolved compounds, was highest close to the source (259 mOsmol; approximately ¼ that of seawater), and then gradually decreased towards the mouth of the river, where it dropped to ca. 40 mOsmol, before re-spiking due to the influence of seawater (Figure 3 ). This decrease corresponded to an increase in the flow of water masses, the Hopkins River constituting a nearly dried up creek at its source, which gradually grew into a river (see photos Figure 1 ). At the sites with E. subulatus individuals we estimated the speed of the current to range between 0.1 m·s -1 (10. Hexham) and 0.5 m·s -1 (8.
Framlingham Forest). Sulfate concentrations followed the same pattern as osmolarity measurements and decreased from nearly 7mM to approximately 0.4mM close to the river mouth.
Finally, phosphate and nitrite/nitrate concentrations were variable along the river, but especially low where Ectocarpus was found (Figure 3) . We detected 1312 OTUs across the three sampled individuals from both sites (Supporting Information File S1). Community composition between the two sites was overall similar (86% of OTUs, i.e. 1126, were without significant difference; Supporting Information File S1), and communities of both sites were dominated by Alphaproteobacteria (25% of reads), Bacteriodetes (20%), Gammaproteobacteria (8%), Planctomycetes (8%), and Actinobacteria (8%) (Figure 4a,b) . Overall, the differences between sites were nevertheless statistically significant (ANOSIM p=0.001, Figure 4c ). Notably, 86 OTUs were specific to Framlingham Forest reserve, and 60 more had a higher relative abundance there. At Kent's Ford 27 OTUs were site-specific, and 13 more exhibited higher relative abundance (Supporting Information File S1).
Alpha-diversity was also slightly higher at Framlingham Forest reserve (t-test p= 0.03; Figure   4d ). Amplicon sequencing analyses were complemented by in situ isolation of bacterial strains from the algae after thorough rinsing with sterile river water ( Figure 5 ). Our sampling campaign also provided novel information on the chemical parameters in the Hopkins River. West and Kraft (1996) reported the salinity at Hopkins River Falls at the time of the isolation of the original strain to be at 1 ppt (approx. 1/34 th the salinity of average seawater).
This, together with our osmolarity measurements ranging from 74-170 mOsmol, i.e.
approximately 1/14 th to 1/6 th of the osmolarity of seawater generally estimated at 1000 mOsmol, leads us to classify the water in the Hopkins River at the sites with E. subulatus as low salinity brackish water rather than fresh water. The unusually high osmolarity for a river may be one of the factors enabling E. subulatus to be competitive in this environment, a hypothesis which is supported by the fact that no individuals were found in the lower portions of the river with lower osmolarity. High osmolarity in our samples also positively correlated ( (Dittami et al. 2012) . Regardless of the physiological implications of the composition of the Hopkins River water, we argue that it may be more appropriate to refer to the E. subulatus strains isolated from the Hopkins River as "fluviatile", i.e. "river" strains rather than freshwater strains, despite their capacity to grow in fresh water in laboratory conditions (Dittami et al. 2012 ).
In addition to these facts about the distribution and environment of E. subulatus, the present study provides insights into its associated microbiome -a component likely connected to the capacity of this species to grow in low salinity (Dittami et al. 2016 ). The number of OTUs found on E.
subulatus in our in vivo study was one order of magnitude higher than in a previous study of the laboratory strain after 20 years of cultivation (1312 for six samples from two sites vs 84 OTUs for six samples in two conditions) (Dittami et al. 2016) . Moreover, a direct taxonomic comparison of these two studies at the genus level revealed only 5 genera (Acinetobacter, Phycisphaera, Maribacter, Marinoscillum, and Gaiella) that were found in both studies. All of them were rare i.e. supported by < 0.01% of reads in our study; Supporting Information File S1).
Both studies were based on sequencing runs with similar depth and employed similar analysis
pipelines, yet many technical factors could contribute to such differences: the sampling protocol, the primers used, library preparation, sequencing platform and chemistry (Illumina Miseq V2 vs V3) etc.. Nevertheless, the profoundness of the observed differences suggests that either the microbiome of E. subulatus in the Hopkins River has evolved and diversified over time or that the cultivation of algae in the laboratory has impacted its microbiome, leading to a reduction of diversity and a change in composition. In a context of the development of new laboratory models for the study of marine holobionts (Dittami et al. 2019, preprint) , a targeted examination of these potential changes, e.g. by following the evolution of alga-associated microbiomes in the field as well as over several cultivation cycles may yield important insights on possible limitations of laboratory model systems. If confirmed, such biases would underline the necessity of devising targeted experiments to test the validity of laboratory findings in the field. 
